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Motor and sensory re-innervation of the lung and heart
after re-anastomosis of the cervical vagus nerve in rats
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There is no study in the literature dealing with re-innervation of the cardiopulmonary vagus nerve

after its transection followed by re-anastomosis. In the present study, we explored the broncho-

motor, heart rate and respiratory responses in rats at 2, 3 and 6 months after re-anastomosis of one

cervical vagus trunk. The conduction velocity of A, B and C waves was calculated in the compound

vagal action potential. We searched for afferent vagal activities in phase with pulmonary inflation

to assess the persistence of pulmonary stretch receptor (PSR) discharge in re-innervated lungs.

In each animal, data from the stimulation or recording of one re-anastomosed vagus nerve

were compared with those obtained in the contra-lateral intact one. Two and three months after

surgery, the conduction velocities of A and B waves decreased, but recovery of conduction velocity

was complete at 6 months. By contrast, the conduction velocity of the C wave did not change

until 6 months, when it was doubled. The PSR activity was present in 50% of re-anastomosed

vagus nerves at 2 and 3 months and in 75% at 6 months. Respiratory inhibition evoked by

vagal stimulation was significantly weaker from the re-anastomosed than intact nerve at 2 but

not 3 months. Vagal stimulation did not elicit cardiac slowing or bronchoconstriction 6 months

after re-anastomosis. Our study demonstrates the capacity of pulmonary vagal sensory neurones

to regenerate after axotomy followed by re-anastomosis, and the failure of the vagal efferents to

re-innervate both the lungs and heart.
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The vagus nerve plays a key role in the control of cardiac
and respiratory function. Preganglionic vagal neurones in
the brain stem drive postganglionic neurones via ganglia
in the organ wall which mediate the vagal motor
pathways to the sinus and atrio-ventricular nodes
(Chuen-Wang et al. 1997) as well as the contractility
of the tracheobronchial smooth muscle (Canning et al.
2002). Vagal sensory neurones have their cell bodies
in nodose and jugular ganglia and project to nerve
endings in the organ wall. Among the different pulmonary
vagal receptors, the pulmonary stretch receptors (PSR),
which detect the distension of the tracheobronchial wall
at each inspiration, play a major role in the control of
breath amplitude and duration (inspiratory ‘off-switch’
mechanism) during both eupnoea and exercise hyper-
ventilation (Coleridge & Coleridge, 1986).

Nerve section followed by re-anastomosis leads to the
successful sensorimotor reinnervation of skeletal muscles

(Decherchi et al. 2001; Hoh, 1975; Marqueste et al. 2004).
However, we found no data in the literature with respect
to organ re-innervation after re-anastomosis of the vagus
nerve. Some human studies have evaluated the changes
in motor or reflex cardiac and ventilatory control after a
heart or heart–lung transplantation when the sectioned
nerves were not sutured. They reported higher resting
heart rates (Banner et al. 1988), impaired ventilatory and
cardiac responses to exercise (Sciurba et al. 1988), a lack
of arterial baroreflex modulation of the heart rate (Raczak
et al. 1999), and an absence of bradycardic response to
apnoea (Madden et al. 1997). A recent human study
(Butler et al. 2001) has also shown that the respiratory
sensations evoked by the injection of lobeline, known
to activate the unmyelinated vagal afferents in healthy
subjects, were absent in patients at 2 weeks after bilateral
lung transplantation, but were partially restored within a
year after transplantation.
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Very few animal studies have explored the
re-innervation of re-implanted lung and no attempt
has been made to perform re-anastomosis of severed
nerves. In one of two dogs subjected to a vagus nerve
section, Edmunds et al. (1971) found a reappearance of the
Hering–Breuer inflation reflex at 10 months after surgery,
and of the deflation reflex at 16 months. In addition,
they documented a bronchoconstriction in response to
electrical vagal stimulation in the re-implanted lung.
Lung transplantation studies in the rabbit (Eraslan et al.
1966) did not find any vagus nerve regeneration after
re-implantation of the lung. By contrast, 8 months after
lung transplantation in rats, Kawaguchi et al. (1998)
identified sensory neurones in pulmonary isografts. On
the other hand, studies focusing on the re-innervation of
the gastrointestinal tract after a sole subdiaphragmatic
vagal transection clearly indicated that after 45 weeks,
successful regeneration of vagal afferents was present while
this was not true for vagal efferents (Phillips et al. 2003).
Thus, whether or nor the vagus nerve re-anastomosis is
followed by motor and sensory re-innervation remains to
be demonstrated.

In the present study, we explored the recovery of
cardiopulmonary vagal efferent and afferent function after
re-anastomosis of one cervical vagus trunk. We focused
on the bronchomotor and heart rate responses to vagal
stimulation and on the respiratory inhibition elicited by
vagal stimulation. We examined the vagal activity in phase
with lung inflation in order to determine whether the PSR
innervation was functionally re-established. Our data were
compared with those obtained by stimulating or recording
from the contra-lateral intact vagus nerve in each animal.

Methods

Animals

The experiments were conducted in 35 adult female
Sprague–Dawley rats obtained from Iffa Credo (Les
Oncins, France), weighing 278 ± 7 g (mean ± s.e.m.)
at inclusion in the study and, respectively, 401 ± 13 ,
431 ± 18 and 513 ± 12 g at 2, 3 and 6 months after surgery.
Housing, surgical procedures and assessment of analgesia
were performed according to the French law on Animal
Care Guideliness, and the protocol was approved by the
Animal Care Committee of our University. Efforts were
made to minimize the animal suffering and to only use the
number of animals necessary to produce reliable scientific
data.

The study comprised four groups of rats. In a
control group (n = 11), no vagal surgery was performed
to determine the normal values of nerve conduction
velocities, and normal cardiac and respiratory responses
to electrical vagal stimulation, and also to search for
any dominant cardiopulmonary influences of the right

or left vagus. In the other three groups, the rats were
randomly assigned to undergo a section of the right or
left vagus nerve, immediately followed by re-anastomosis.
Anaesthesia was repeated 2 months (n = 8), 3 months
(n = 8) and 6 months (n = 8) after re-anastomosis.

General anaesthesia and monitoring

In all rats, general anaesthesia was performed with
an intramuscular injection of ketamine (10 mg kg−1,
Sanofi, Libourne, France) followed by an intraperitoneal
injection of pentobarbital sodium (Nembutal, 40 mg kg−1,
Sanofi). Throughout and after the operative procedure,
the adequacy of the level of anaesthesia was judged
from the changes in blood pressure and heart rate,
and the absence of the corneal reflex and response
to pain stimuli applied on the adipose pad of the
animal’s paw. The changes in circulatory variables and the
re-appearance of reflex responses governed the injection of
supplementary doses of pentobarbital sodium. A heating
pad maintained the rectal temperature in the range of
37–38◦C. A tracheotomy was performed and the animals
were ventilated at constant volume (10 ml kg−1) and
frequency with a Harvard volumetric pump. The inhaled
gas mixture contained 30% oxygen. A carotid artery was
cannulated for retrograde measurement of arterial blood
pressure using an electromanometer (Statham model
P23 Db, Gould SA, Ballainvilliers, France).

Re-anastomosis of one cervical vagus nerve

One cervical vagus nerve was transected and its distal
part was stitched with a minimal tension (Ethilon, 9/0;
Omnium Medical, Neuilly, France) to the proximal part
by two to three epineural sutures. The muscles and
skin covering the cervical vagus nerve were closed with
3/0 sutures (Trinyl 3/0; Omnium Medical) and locally
disinfected.

Post-operative management

The animals were housed in smooth-bottomed plastic
cages at 22◦C with a 12 : 12 h light–dark cycle. Food
(Purina rat chow) and water were available ad libitum.
Antibiotherapy was administered for the first 48 h
post-operative period using intramuscular injections
of cefotaxime (50 mg kg−1). We repeated intrarectal
administration of paracetamol (20 mg) for analgesia.
Measurements of body weight were made daily during the
first week then once a week.

Physiological measurements

No physiological measurements were performed at the
time of nerve transection followed by re-anastomosis.
Rats which underwent vagal re-anastomosis were
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re-anaesthetized at the end of the 2, 3 or 6 month
period. Then, as in control animals, recording of physio-
logical variables and measurements of responses to vagal
stimulation were performed. Three steel wire electrodes
were implanted in the upper limbs and in the left hindlimb
and connected to a neuroamplifier to record a standard
electrocardiogram (ECG) leak. A pair of steel hooks was
inserted in a diaphragmatic cupola through an abdominal
incision. The diaphragmatic electromyogram (Edi) was
amplified (× 10 000–30 000) and filtered (10 Hz to 3 kHz)
by a neuroamplifier. The raw Edi was integrated using
a leaky integrator with a time constant of 100 ms. The
tracheal pressure (PTr) was measured from an electro-
manometer (Statham model PM5) whose inlet was
connected to a side arm of the tracheal cannula. All the
variables (PTr, blood pressure, ECG, raw and integrated
Edi) were displayed on a polygraph (Model TA 4000, Gould
SA).

To record the afferent vagal activities, the whole distal
nerve trunk (below the re-anastomosis when performed)
was placed on a monopolar tungsten electrode. The
nerve activity was referred to a nearby ground electrode,
amplified (× 50 000–100 000) and filtered (10 Hz to
10 kHz) by a differential amplifier, and recorded on the
polygraph.

Compound vagal action potentials were evoked with
single pulses using a pair of platinum electrodes placed
distally (or below the point of nerve repair) and
connected to a neurostimulator through an isolation unit
(Model S88, Grass Instruments, Quincy, Massachusetts,
USA). A proximal tungsten electrode was placed rostral
to the re-anastomosis, connected to a neuroamplifier
(× 50 000–100 000) and filtered (10 Hz to 10 kHz). The
vagal potentials were displayed on a storage oscilloscope
(DSO 400, Gould SA) to average the compound action
potentials evoked by the stimulation of the distal nerve.
Pulse durations of stimuli were chosen to evoke the
compound A and B waves (pulse duration, 0.1 ms) or
the C wave (pulse duration, 1.0 ms), the three waves
corresponding to heavy, thin and unmyelinated vagal
fibres, respectively. We insured that the inversion of the
stimulating and recording electrodes did not modify the
data and also that the inter-electrode distance was always
1 cm. Nerve conduction velocities were calculated by
dividing the inter-electrode distance by the conduction
time of A, B and C waves which was measured by displacing
the cursors on the oscilloscope screen from the pulse
artefact to the peak of each wave.

In order to elicit a ventilatory and cardiac response
to repetitive vagal stimulation, one pair of platinum
electrodes was alternatively placed distally or cranially
from the location of re-anastomosis. For each stimulation
period, we insured that the inversion of the cathode
and anode did not modify the response. As in our
previous studies in dogs (Jammes et al. 1983) and rabbits

(Monier et al. 1995), we used a 1.0 ms pulse duration
and different frequencies of stimulation in the range
10–100 Hz, searching for the stimulation frequency which
elicited the highest apnoeic response and bradycardia
and also a rise in PTr to assess bronchoconstriction.
The maximal duration of stimulation period was only
20 s. In all the rats, the 50 Hz stimulation frequency
was the most effective. In intact vagus nerves, the
stimulation continued until the occurrence of a subsequent
inspiratory activity. Unilateral vagal stimulation caused
cardiac slowing but not cardiac arrest. For each stimulation
bout, we measured the ventilatory response, the magnitude
of PTr increase indicating bronchoconstriction, and the
heart rate slowing. We used the respiratory inhibitory
ratio, first proposed by Widdicombe (1961), defined as
the ratio between the breath duration during pulmonary
inflation and the mean duration of the 10 previous breaths.
Previous studies in dogs (Jammes et al. 1983) and rabbits
(Monier et al. 1995) have demonstrated that identical
relationships exist between the respiratory inhibitory ratio
and the changes in lung volumes or the frequency of
electrical vagal stimulation. In our study, the time intervals
were measured from Edi recordings. The quantification
of the cardiac response to vagal stimulation was given by
the ratio between the mean heart rate measured during
stimulation and the first minute period preceding the
stimulation which constituted the reference for each test
(HRst/HRref).

After the final experiment, the rats were killed by an
intravenous injection of a lethal dose of pentobarbital.

Statistical analysis

Values were expressed as mean ± s.e.m. A Student’s paired
t test was used to compare left-to-right responses to
electrical stimulation and recordings of afferent activities
in control rats (intact nerves) and in rats studied 2, 3
and 6 months after surgery (intact versus re-anastomosed
nerves). In operated rats, an analysis of variance followed
by a post hoc Student–Neuman–Keuls test for all pair-wise
comparisons was used to find any time dependence of
the vagus nerve re-innervation throughout the 6 month
recovery period.

A chi squared test was used to assess whether a
significant difference existed between the number of
bronchoconstrictor responses to vagal stimulation and
the number of events during which phasic vagal afferent
activity could be recorded in re-anastomosed and intact
vagus nerves.

Results

Control data in intact vagus nerves

Figure 1 shows the conduction velocities in the three
components of fibres in intact vagus nerves. No difference
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was found between the right and left intact vagus nerves. In
all control rats, as well as in non-operated vagus nerves in
animals which underwent an unilateral re-anastomosis of
the vagus nerve, the afferent vagal activity was modulated
by pulmonary inflation (Fig. 2). The cardiopulmonary
response to repetitive (50 Hz) unilateral stimulation of an
intact vagus nerve always consisted of an increase in PTr

(+40 to +80%), a respiratory inhibition and a cardiac
slowing, as illustrated in Fig. 3 (left panel). In intact
nerves, the statistical analysis did not reveal any significant
difference in the respiratory and cardiac responses to right
or left vagal stimulation (respiratory inhibitory ratio: right,
9.16 ± 2.0; left, 8.15 ± 1.80; HRst/HRref: right, 51 ± 10%;
left, 33 ± 9%; number of tests = 43, 21 right and 22 left).
The absence of any side-dominant respiratory and cardiac
influences of one vagus nerve allowed us to pool right and
left measurements in all rats.

Consequences of re-anastomosis of one vagus nerve

The changes in nerve conduction velocities are shown in
Fig. 4. Compared with data obtained in intact nerves, we
measured a transient reduction in conduction velocities
of the A wave (2 and 3 months after surgery) and the
B wave (only at 2 months) but complete recovery was
obtained at 6 months. By contrast, the conduction velocity
of the C wave was unaffected at 2 and 3 months but
markedly increased at 6 months (1.42 ± 0.20 m s−1 versus
0.60 ± 0.06 m s−1; P < 0.05).

While a phasic afferent vagal activity was recorded in
all the intact vagus nerves, the afferent nerve response
to periodic pulmonary inflation by the pump was only
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Figure 1. Conduction velocity in intact cervical vagus nerve
measured in right and left nerves
For each side, we pooled data from control rats and contra-lateral
non-operated nerves in rats studied 2, 3 and 6 months after surgery.
The different waves in compound action potentials correspond to the
three components (A, B and C waves), corresponding to heavy, thin
and unmyelinated fibres, respectively. No right-to-left differences were
noted.

present in 50% of the re-anastomosed vagus nerves at 2
and 3 months and in 75% at 6 months.

Figure 3 (right panel) shows that in re-anastomosed
vagus nerve explored 6 months after the surgery, no
change in PTr and HR occurred in response to vagal
stimulation while the inhibitory respiratory response
persisted. Compared with contra-lateral intact nerves,
the respiratory inhibitory ratio was significantly reduced
at 2 months but not at 3 and 6 months whereas the
stimulation-induced cardiac slowing never reappeared
(Fig. 5). In addition, the respiratory inhibitory ratio
measured in control rats with both vagus nerves intact
did not differ from that measured in operated rats
when stimulating the uninjured vagus (8.4 ± 1.5 versus
8.6 ± 1.5, respectively).

Discussion

We found no data in the literature on organ
re-innervation after re-anastomosis of the vagus nerve
whereas numerous reports concern spontaneous nerve
regeneration, especially after organ transplantation. This
rat study focused on the benefits of re-anastomosis of the
cervical vagus nerve on respiratory and cardiac function.
We observed that the bronchoconstrictor and bradycardic
responses to vagal motor stimulation did not recover
even 6 months after re-anastomosis of a cervical vagus
nerve, whereas both PSR activity and stimulation-induced
respiratory inhibition almost completely recovered.
Compared with the intact vagus nerves, the conduction
velocity measured in the myelinated vagal fibres (A and B
waves of the compound action potential) 6 months after
re-anastomosis was the same, whereas it was higher in the
unmyelinated fibres (C wave).

To favour nerve repair we performed clean transection
injuries of vagus nerves followed by immediate end-to-end
epineural anastomosis. Indeed, regenerating axones
exhibit a preference to grow along the inside portion
of remaining lamina tubes in the distal stump (Scherer
& Eater, 1984) and, if the surgical nerve repair is

Figure 2
Example of recording of afferent nerve activities in phase with
pulmonary inflation in an intact vagus nerve.
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delayed, nerve regeneration can be markedly compromised
(Giannini & Dyck, 1990).

The present data on reinnervation of the lungs and
heart after re-anastomosis of the vagus nerve cannot
be compared with those reported in human or animal
recipients of heart–lung or lung transplants because, in
available published data, vagal suture has never been
performed after transplantation. Nevertheless, the human
observations of a higher resting heart rate (Banner et al.
1988), a lack of arterial baroreflex modulation of the heart
rate (Raczak et al. 1999) and an absence of bradycardic
response to apnoea (Madden et al. 1997) suggest an
absence of motor re-innervation of the transplanted heart,
consistent with the present findings. The fact that an
increased airway reactivity to inhaled methacholine was
found in some patients receiving a heart–lung transplant
(Banner et al. 1988) is insufficient to assess the status
of vagal re-innervation. Indeed, by analogy with the
parasympatheic denervation supersensitivity of the heart
to infusion of methacholine (Dempsey & Cooper, 1968;
Hageman et al. 1977; Chuen-Wang et al. 1997), we
speculate that the increased airway response to cholinergic

Figure 3. Examples of bronchomotor (PTr increase), respiratory (inspiratory inhibition) and cardiac
(bradycardia) responses to repetitive (50 Hz) stimulation
Compared with an intact cervical vagus nerve (left panel), in the contralateral re-anastomosed cervical vagus nerve
(right panel) explored 6 months after surgery we noted an absence of both the bronchomotor and cardiac responses
to vagal stimulation whereas the ventilatory response reappeared. PTr, tracheal pressure; EMG, electromyogram;
ECG, electrocardiogram.

agonists in transplanted lungs solely resulted from the
changes in smooth muscle reactivity.

In the present rat study, the nerve conduction velocity in
myelinated fibres (A and B waves) totally recovered within
the 3 to 6 month period after re-anastomosis. Moreover,
despite the reduction of the inhibitory respiratory response
to vagal stimulation at 2 months after re-anastomosis, the
response was not different at 3 months. Considering that
the rate of vagal axonal regeneration is around 1 mm day−1

in adult rats (Kanje, 1991) and the length of vagal trunk
between the brain stem and the pulmonary hilum was
in the range 62–70 mm in our animals, the 3 month
delay needed to recover a near-normal nerve conduction
in re-anastomosed vagus may be considered as normal.
Despite the expectation that regeneration rate should
be the same in sensory and motor preganglionic vagal
axones, we failed to measure any bronchomotor and heart
rate responses to vagal stimulation, even 6 months after
re-anastomosis. We hypothesized that during the rather
long (3 months) period required for axonal regeneration
in preganglionic neurones, the postganglionic vagal
neurones in the airways and heart may have degenerated.
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Indeed, these neurones would be deprived of neuro-
transmitters as well as trophic factors normally released
from the degenerated preganglionic neurones. There is
recent evidence that airway-related vagal preganglionic
neurones express brain-derived neurotrophic factors
involved in neuronal plasticity (Zaidi et al. 2005). Our
data for thoracic viscera are entirely consistent with
those for the abdominal vagus which innervates the gut.
Forty-five weeks after subdiaphragmatic vagotomies in
rats, Phillips et al. (2003) labelled vagal afferents with
germ agglutinin–horseradish peroxidase and efferents
with cholera toxin subunit B–horseradish peroxidase. As
in our study in the respiratory apparatus, Phillips et al.
(2003) showed that the sensory re-innervation of the gut
was present whereas motor fibres had failed to re-innervate
the gastrointestinal tract.

The present data in re-anastomosed vagus are also
consistent with our previous observations in the
peroneal nerve (Decherchi et al. 2001) showing that a
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Figure 4. Conduction velocity of A, B and C waves of the
compound vagal potential evoked by peripheral nerve
stimulation in intact and re-anastomosed vagus nerves
Compared with intact vagus nerves, a significantly lower conduction
velocity was measured in heavy myelinated vagal fibres (A wave) at 2
and 3 months and in thin myelinated fibres (B wave) at 2 months. By
contrast, in myelinated fibres (C wave) the conduction velocity was
significantly higher at 6 months. ∗Significant at the 0.05 level.

re-anastomosed peripheral nerve has a higher conduction
velocity in the group IV (unmyelinated) fibres than intact
nerves and the response of mechanosensitive muscle
endings to tendon vibration is preserved. Measurement of
higher conduction velocities in group IV muscle afferents
(Decherchi et al. 2001) and C vagal fibres (present study)
may signify that we did not fully explore the response
of unmyelinated fibres, but rather only recorded from a
subgroup of regenerating thin myelinated axones. Indeed,
the regeneration of peripheral nerves appears to require
Schwann cells and endoneural fibroblasts as well as the
extracellular matrix produced by them (Sanes, 1989).
Moreover, in peripheral nerve grafts there is an increase
in the number of sprouts supported by myelinated fibres
and a decrease of unmyelinated fibres (Decherchi et al.
1996).

The presence of an uninjured vagus nerve may
have helped or hindered the recovery process of reflex
respiratory responses to stimulation of the contralateral
re-anastomosed vagus. Indeed, primary vagal afferent
fibres from the lungs project on commissural subnucleus
of the nucleus of the solitary tract (NTS), crossing the
midline and synapsing in the contralateral nuclei of the

0

5

10

15

20 intact vagus nerve
re-anastomosed vagus nerve

V
e
n
ti
la

to
ry

 i
n
h
ib

it
o
ry

 r
a
ti
o

(a
rb

it
ra

ry
 u

n
it
s
)

*

Intact nerves
(controls) after re-anastomosis

*

*

*

H
R

 v
a
g
a
l 
s
ti
m

u
la

ti
o
n
 /

H
R

 r
e
fe

re
n
c
e

1.0

0.75

0.50

0.25

0

2 months 3 months 6 months

Figure 5. Ventilatory and cardiac responses to repetitive (50 Hz)
stimulation of one intact or re-anastomosed cervical vagus
nerve
In intact nerves in the control group as well as in contra-lateral intact
nerves in rats which underwent nerve transection, the responses were
not time dependent. In re-anastomosed nerves, the ventilatory
response was significantly depressed at 2 months but not at 3 and
6 months. The heart rate response never recovered in re-anastomosed
vagus nerves. Asterisk indicates a significant (P < 0.05) difference
compared with the intact nerves.
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NTS (Otake et al. 1992). Thus, it may be supposed that the
reflex response to the stimulation of a single intact vagus
nerve could be different to that measured in a preparation
with both vagus nerves intact. However, compared with
controls, we did not find any significant difference in the
respiratory inhibitory ratio elicited by the stimulation of
intact vagus nerve in rats which underwent a contra-lateral
vagal re-anastomosis. In the de-afferented side, surviving
nerve terminal fibres may continue to innervate target
cells in the NTS, inhibiting their further re-afferentation
after anastomosis and delaying the re-appearance of reflex
responses. This hypothesis cannot be verified in our study
but, even if this central inhibitory process had occurred,
it cannot explain the disappearance of vagal afferent
activities in phase with pulmonary inflation during the
recovery period of re-anatomosis. Thus, the suppression
of respiratory reflexes during regeneration of vagal fibres
was also associated with the cessation of sensory pathways
from the lungs.

It is difficult to understand how the sensory
protoneurones carrying information from specialized
mechanosensory nerve endings can find their way again
after re-anastomosis following a complete nerve section.
Some explanation may be given by data on peripheral nerve
plasticity. It is well known that following an injury of a
peripheral muscle nerve, the proximal stump (growing tip)
of the regenerating nerve becomes mechanically sensitive
(Tinel, 1919) and also that myelinated afferents show
a spontaneous impulse activity (Johnson & Munson,
1991). These observations may also hold for the vagus
nerve and could explain our data that PSRs continued to
display afferent discharges in phase with the pulmonary
inflation. Moreover, in skeletal muscles the maintenance
of the activity and accompanying stimulation of the
sensory muscle endings (Marqueste et al. 2004) improved
the mechanosensory re-innervation after re-anastomosis.
The persistence of ventilatory motion, eliciting periodic
stimulation of vagal PSRs, may favour their regeneration.

The unmyelinated fibres represent the majority of the
vagal motor fibres in rabbits (Evans & Murray, 1954) and
cats (Agostoni et al. 1957; Jammes et al. 1982) as well as the
vagal afferent axones in the feline lung (Jammes et al. 1982).
The respective role played by myelinated and unmyelinated
motor vagal fibres in the bronchoconstrictor response to
vagal stimulation depends on the species. In rabbits, the
selective stimulation of the sole myelinated axones (A and
B fibres) or of the group C fibres induces bronchonstriction
(Lama et al. 1988). We found no similar data in rats but it
was tempting to speculate that unmyelinated vagal motor
fibres also play a role in these species. Since both the
myelinated and unmyelinated preganglionic vagal motor
fibres are connected with postganglionic neurones in the
airways and heart, we suppose that the absence of any
motor response to vagal stimulation of re-anastomosed
vagi may signify that degeneration indifferently occurs in

neurones connected with either myelinated or non-
myelinated fibres. In the present study we did not
selectively explore the regeneration of unmyelinated
afferent vagal fibres because we did not test their
response to pulmonary deflation or inhalation of
capsaicin. In all studied mammalian species, the group
C bronchopulmonary afferents play a key role in the
sensory innervation because they are polymodal receptors
activated by both mechanical and chemical stimuli
(Delpierre et al. 1981; Coleridge & Coleridge, 1986)
and their tonic discharge controls the bronchoconstrictor
vagal command (Jammes & Mei, 1979). Considering the
present observations of an abnormally high conduction
velocity of the C wave in the compound vagal potential
after re-anastomosis, and also previous data on reduced
response of the group IV (unmyelinated) muscle afferents
to chemical stimulation after re-anastomosis of a muscle
nerve (Decherchi et al. 2001), we may suspect an
altered respiratory control by the bronchopulmonary
vagal fibres in re-innervated lungs. This deserves further
investigations.

This experimental animal study strongly suggests that
immediate re-anastomosis of a sectioned vagus nerve
leads to an almost complete recovery of the afferent
pathways controlling the respiration, and also probably
of the sensory information from the heart. This suggests
that surgeons should consider the anastomosis procedure
in order to enhance the potential for afferent nerve
regeneration.
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